Purpose: Few studies have provided epidemiological characteristics of childhood glaucoma in a large, multiethnic population. This information is important if we are to better screen for and characterize this specific type of glaucoma. In this study, we evaluate the characteristics of patients with childhood glaucoma, including glaucoma suspects, as identified through the Dallas Glaucoma Registry (DGR).
Introduction
Visual impairment is a debilitating condition that frequently adversely impacts quality of life and prevents patients from performing simple tasks necessary for independent living. In children, visual impairment, even due to reversible causes, can be compounded by amblyopia, which leads to lifelong disability for the individual. Glaucoma in childhood is a rare, serious cause of blindness around the world, but it is treatable. Glaucoma is the second leading cause of vision loss in people of all ages around This article was published in the following Dove Press journal: Clinical Ophthalmology 27 August 2013 Number of times this article has been viewed the world, and childhood glaucoma is estimated to cause a significant percentage of blindness in children, from 1.2% of children in Great Britain, 3% in northern India, to 7% in southern India. [1] [2] [3] The disease is complex in nature and characterized by elevated intraocular pressure (IOP), optic disc cupping, and progressive visual field loss. Early detection is critical, for treatment before corneal damage, optic nerve damage, and amblyopia occur can lead to significantly improved visual outcomes.
In Great Britain, Papadopoulos et al looked at 99 children with newly diagnosed glaucoma and found the annual incidence of primary congenital glaucoma to be one out of 18,500 live births. 4 Forty-seven children had primary glaucoma and 52 had secondary glaucoma. They found that primary congenital glaucoma is more common in children of South Asian origin, and they did not find a difference in sex predilection, although another study has suggested that males have an increased incidence of primary congenital glaucoma. 5 In Toronto, ON, Canada, Taylor et al presented a review of 306 children diagnosed with childhood glaucoma. 6 They found congenital glaucoma to be the most common (38% of all patients) followed by aphakic glaucoma (20%) and Sturge-Weber syndrome-associated glaucoma (10%). Those patients with congenital glaucoma presented at a younger age and frequently required multiple surgeries. The visual prognosis depended highly on the underlying type of glaucoma.
A recent population-based study of residents in Olmstead County, MN, USA found an incidence of childhood glaucoma of 2.29 out of 100,000 residents 20 years old or younger. 7 This population was predominantly white (96%), yet a quarter of patients who were diagnosed with glaucoma were of another race. They found that traumatic and surgical causes for glaucoma were the most common.
While the incidence of childhood glaucoma has been well documented in the Western world, other populations have shown a higher incidence of congenital glaucoma, including those in India and the Middle East and gypsies in Slovakia. [8] [9] [10] From the Tongren Hospital in Beijing, People's Republic of China, servicing a large Chinese population, Qiao et al presented 1,055 patients with pediatric glaucoma seen from 2002 to 2008. 5 Congenital glaucoma was again the most common type, seen in 46% of all patients, followed by traumatic glaucoma (12%) and aphakic glaucoma (9%). Patients were more commonly male in all types of glaucoma, with a sex ratio of 2.32 to one. Congenital glaucoma patients tended to be younger at presentation (below 2 years of age), and traumatic glaucoma patients were found to be older (between 10 and 15 years of age).
Primary congenital glaucoma, the most common primary childhood glaucoma, is believed to be caused by dysplasia of the anterior chamber angle, and it is generally bilateral. 4, 6, 11 While primary congenital glaucoma is generally sporadic or autosomal recessive, juvenile glaucoma is often autosomal dominant. [11] [12] [13] Treatment for primary childhood glaucoma is primarily surgical, although glaucoma medications also play an important part in treating patients both before and after surgery. The majority of surgeries for all types of pediatric glaucoma are successful, although amblyopia often limits long-term visual potential. 11, 14 Secondary glaucoma is defined as glaucoma associated with other ocular or systemic disorders and is common in children. 15 Frequent causes of secondary glaucoma in children include trauma, lens-related disorders, phakomatoses, uveitis, anterior segment dysgenesis syndromes, and aniridia. 4, 6 The Dallas Glaucoma Registry (DGR) was established in 2005 as a mechanism to collect epidemiologic and clinical information on patients seen at the University of Texas Southwestern Medical Center, Dallas, TX, USA and its affiliated clinics serving the North Texas region. 16 This registry included many patients with various types of glaucoma, including childhood glaucoma, from a diverse racial mix in the North Texas area. The United States Census Bureau estimated the racial makeup of Dallas County in 2011 to be 32.8% Caucasian (63.4% nationally), 22.5% African American (13.1% nationally), 38.9% Hispanic or Latino (16.7% nationally), and 5.3% Asian (5.0% nationally). 17 This racial diversity makes North Texas an ideal place to establish this registry.
This study evaluates the characteristics of patients with childhood glaucoma and childhood glaucoma suspects in the DGR, including race, medical and surgical treatment, visual outcomes, and IOP control. Once these patients were identified, they were further classified into glaucoma subtypes similarly to previous studies. [4] [5] [6] Primary congenital glaucoma was defined as an idiopathic glaucoma arising in children under 3 years of age. Primary juvenile glaucoma was defined as an idiopathic glaucoma arising in children 3 years of age or older. Secondary glaucoma was defined as glaucoma associated with other ocular or systemic abnormalities. These other abnormalities included trauma, postsurgical changes, Sturge-Weber syndrome, anterior segment dysgenesis syndromes, and other causes. Glaucoma suspect patients were based upon one of the following criteria: IOP .21 mmHg; suspicious optic disc with an increased or asymmetric cup-to-disc ratio; family history of glaucoma; or other systemic condition associated with glaucoma.
Methods
We used a data collection form to gather epidemiological and clinical disease information: age; race; sex; glaucoma diagnoses; glaucoma medications; types of glaucoma surgery; most recent best-corrected visual acuity; most recent IOP; and cup-to-disc ratio. We retrospectively collected all clinical data, and each patient was enrolled only once in the registry regardless of the number of clinic visits. When multiple clinic visits were present, we gathered clinical information from the most recent clinic visit.
Results
A total of 239 unique pediatric patients were examined between June 2005 and July 2009, and a retrospective chart review was performed on these patients. Patients with primary congenital glaucoma comprised 19% of all glaucoma patients in the study, and primary juvenile glaucoma accounted for 4% of all patients in the study. Forty-five percent of patients carried a diagnosis of secondary glaucoma, and 31% were glaucoma suspects. The number of patients, sex, and number of eyes based on type of childhood glaucoma are presented in Table 1 . Fifty-six percent of all patients were male, with trauma-related glaucoma having the highest percentage of male patients at 72%. The study population consisted of 38% Hispanic, 30% Caucasian, 21% African American, and 3% Asian children (see Table 2 ). For 9% of patients, racial background was unlisted or simply listed as "other" in the medical record, with no further specification. Patient clinical characteristics and treatment modality based on eyes are presented in Table 3 . On average, IOP was less than 21 mmHg for all groups. Excluding glaucoma suspects, 65% of all eyes underwent at least one glaucoma surgery and 70% were on at least one glaucoma medication at the most recent visit. The mean number of medications for all patients was 1.25, and the mean number for those patients on medications was 2.25. Topical carbonic anhydrase inhibitors, prostaglandin analogs, and beta-blockers were used most often, while alpha-agonists and systemic carbonic anhydrase inhibitors were used least often. The most common surgical procedure performed was trabeculotomy, followed by tubeshunt surgery, as shown in Table 4 .
Primary congenital glaucoma
A total of 46 patients and 81 eyes with primary congenital glaucoma were included in the study. Racial backgrounds were as follows: 39% Hispanic, 30% Caucasian, 10% African American, and 9% unknown or unspecified. The mean cup-to-disc ratio and IOP at last visit were 0.52 and 17.2 mmHg, respectively. Patients were taking a mean number of 1.12 glaucoma medications, with 51% of eyes requiring treatment with medication.
As presented in Table 5 , visual acuity at the most recent visit was as follows: 41% of eyes had good visual acuity (20/40 or better), 38% had moderate visual acuity (20/60 to 20/200), and 22% had poor visual acuity (count fingers to no light perception). It should be noted that this group had the highest proportion of eyes for which Snellen visual acuity could not be measured (54%).
A majority of eyes (75 of 81) with primary congenital glaucoma received glaucoma surgery, with seven eyes needing more than one surgery. There were a total of 63 trabeculotomies, seven tube shunts, four cyclodestructive submit your manuscript | www.dovepress.com procedures, five trabeculectomies, and four other procedures performed on this group.
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Primary juvenile glaucoma
A total of ten patients and 19 eyes with primary juvenile glaucoma were included in the study. Racial backgrounds were as follows: 50% Caucasian, 20% African American, 10% Hispanic, 10% Asian, and 10% undetermined. Mean cup-to-disc ratio was 0.7, and mean IOP was 16.4 mmHg. Thirty-seven percent of patients required surgery and 90% of eyes required medication, with an average of 2.5 medications. Best-corrected visual acuity was 20/40 or better in 13 eyes (77%). Tube shunts were the most common surgery performed on this group, although most patients did require any surgery.
Secondary glaucoma
Almost half of all eyes in the study (45%) were diagnosed with secondary glaucoma. A total of 108 patients and 140 eyes with secondary glaucoma were included. Forty percent of eyes were from Hispanic patients, 33% Caucasian, 18% African American, 1% Asian, and 8% undetermined. The mean cup-to-disc ratio for all eyes was 0.55, and the mean IOP was 18.6 mmHg. Patients were on an average of 1.7 glaucoma medications, and 78% of eyes required medication.
Best-corrected visual acuity was as follows: 55 eyes had good visual acuity (51%); 21 had moderate visual acuity (19%); 33 had poor visual acuity (30%); and 32 could not be determined. Fifty-four percent of eyes required surgery. A total of 23 trabeculotomies, 45 tube shunts, 15 cyclodestructive procedures, four trabeculectomies, and eleven other procedures were performed on this group, including anterior chamber washout, surgical iridectomy, vitrectomy, and enucleation.
The most frequent causes of secondary glaucoma included trauma and postsurgical aphakia (see Figure 1) . Less common postsurgical causes included pseudophakia, silicone oil placement, and penetrating keratoplasty. This was followed by Sturge-Weber syndrome and anterior segment dysgenesis. In the anterior segment dysgenesis group, Peters anomaly accounted for the majority of eyes (62.5%), followed by Axenfeld-Rieger syndrome (25%) and aniridia (12.5%). We found other, less-common causes of secondary glaucoma, including inflammation, medicationinduced, retinopathy of prematurity, craniosynostosis, and pupillary block.
Glaucoma suspects
There were 75 patients and a total of 136 eyes included in the study as glaucoma suspects. The patients were composed of 37% Hispanic, 24% African American, 21% Caucasian, submit your manuscript | www.dovepress.com 5% Asian, and 11% undetermined. The mean cup-todisc ratio for all eyes was 0.60, and the mean IOP was 16.8 mmHg. The mean number of glaucoma medications for the group was 0.2, and 8% of eyes were using medication at the most recent visit.
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Best-corrected visual acuity was 20/40 or better in 108 eyes (96%), with only 23 eyes undeterminable. No glaucoma surgeries were performed on any eye in the glaucoma suspect group. Suspicious discs were the most common cause for glaucoma suspicion and were seen in 76% of patients (see Table 6 ). Thirty-two percent of patients were found to have high IOP, and a family history of glaucoma was found in 17%. Other reasons for glaucoma suspicion included Sturge-Weber syndrome, ocular melanosis, Axenfeld-Rieger syndrome, and retinopathy of prematurity.
Discussion
Childhood glaucoma is a vision-threatening disease, with a broad range of causes, which can present at any age. Preventing vision loss in pediatric patients can make possible a lifetime of independence and productivity. This makes early identification and treatment of glaucoma in children vitally important. This study identifies patterns of disease in childhood glaucoma and glaucoma suspects at a tertiary referral center in a large, multiethnic, urban population in the United States.
In this study, 23% of patients had primary glaucoma, 45% had secondary glaucoma, and 31% were glaucoma suspects, representing a well-balanced cross-section of pediatric patients that ophthalmologists are likely to encounter with glaucoma or suspected glaucoma. Of the primary childhood glaucomas, congenital glaucoma was the most common, consistent with findings of previous studies. [4] [5] [6] This study does have a small sample size of ten patients for primary juvenile glaucoma. In contrast to our previously published preliminary results with the DGR, we found in this study that males were more likely to be diagnosed with childhood glaucoma, which is consistent with other studies. 5, 11, 15, 16 This study provides a much larger sample size of patients with childhood glaucoma compared to our preliminary results from the DGR. Secondary glaucoma associated with trauma was noted to have the largest proportion of male patients, as seen in other studies. 5, 7 In this study, Hispanics were the most common racial group found to have childhood glaucoma, followed by Caucasians and then African Americans. It is possible that this reflects the demographics of the patient population in North Texas. The patients in this study were drawn from a children's hospital that serves a large tertiary referral submit your manuscript | www.dovepress.com Dovepress Dovepress academic medical center. Approximately 85% of these patients are insured by Medicaid, the US health program for families and individuals with low income and resources. The results from this study suggest that Hispanics may indeed have a similar risk of developing childhood glaucoma as other racial populations. Other studies have found an increased prevalence of open-angle glaucoma and ocular hypertension in the Latino population, although they have focused primarily on adults over 40 years of age. 18, 19 The prevalence of open-angle glaucoma in the adult Hispanic population has been estimated to be between that of Caucasians and African Americans. 19 Further studies should be done to better evaluate the characteristics of childhood glaucoma in the Hispanic population.
Given that many patients in this study were too young to use the Snellen eye chart at the time of the last exam, we were unable to determine a final visual acuity in all patients. From those patients who were able to use a Snellen eye chart, not surprisingly, the glaucoma suspects had the best visual acuity, with 96% of eyes seeing better than 20/40. Interestingly, only 41% of eyes with primary congenital glaucoma had good visual acuity, compared to 77% of eyes with primary juvenile glaucoma. The better vision seen with primary juvenile glaucoma leads us to speculate that a glaucoma diagnosis may be delayed with these patients given their normal visual acuity earlier in life and lack of physical signs that would otherwise have been detected at a younger age. We also noted that secondary glaucoma patients had the largest proportion of eyes with poor visual acuity, at 30%. This is consistent with previous studies that have found a trend towards better visual outcomes in primary, rather than in secondary, glaucoma. 15, 20 We found differences in treatment modalities among the types of glaucoma. While surgery was used predominantly for primary congenital glaucoma, medication was used more frequently for juvenile glaucoma. While IOP was less than 21 mmHg, on average, for all groups, the cup-to-disc ratio and number of medications was highest for the juvenile group. Given that juvenile glaucoma may not be diagnosed until late into the disease process, visual loss may occur before detection or treatment. The increased use of medications in the juvenile glaucoma group may indicate better compliance with older age or better tolerability of the side effects of medical treatment. As more patients are added to the DGR, we anticipate these observations to become more apparent.
Trabeculotomy was the most commonly performed surgery, followed by glaucoma tube-shunting procedures. Over 65% of eyes in the study underwent at least one glaucoma surgery, excluding glaucoma suspects. Primary congenital glaucoma eyes were more likely to receive trabeculotomy surgery, while secondary and primary juvenile glaucoma eyes were more likely to receive tubeshunt surgery.
Medication plays an important role in the treatment of childhood glaucoma. A majority of patients in this study (70%) were on at least one glaucoma medication at their most recent clinical visit. Of those patients requiring medication, many required more than one. A large proportion of patients still required medications even after surgery. This highlights the importance of the proper use of medications with knowledge of their unique side effects in the pediatric population. Topical carbonic anhydrase inhibitors, prostaglandin analogs, and beta-blockers were the most commonly used medications, while alpha-agonists and systemic carbonic anhydrase inhibitors were used the least. Secondary glaucoma in pediatric patients differs significantly from that in adult patients, as those with unique developmental anomalies and childhood diseases make up a much larger percentage of pediatric glaucoma patients than in the adult population. However, trauma is also a major cause of secondary glaucoma in both children and adults and has often not been found or has been excluded as a major cause of secondary childhood glaucoma in previous studies. 4, 6, 20 More recent studies, however, are showing trauma as a major cause of childhood glaucoma. Qiao et al's Beijing study did find that traumatic and aphakic glaucoma were the most common types of childhood glaucoma following congenital glaucoma in a large Chinese population. 5 Aponte et al's Olmstead County study found that traumatic and surgical causes of childhood glaucoma were the most common; however, this population was predominantly white. 7 Our study in a large, multiethnic, urban population confirms the role trauma plays in childhood glaucoma. This suggests the importance of closely following children after ocular trauma and screening for glaucoma. This study also found a similar proportion of causes of nontraumatic secondary glaucoma as in previous studies, with postsurgical causes, generally aphakia, being the most common. 4, 20 The DGR enables a broad, cross-sectional view of patients seen by ophthalmologists for a multitude of glaucoma types across all ages in a large, multiethnic, urban population. Using this registry, we studied the epidemiology and characteristics of childhood glaucoma, including patients with traumatic glaucoma and glaucoma suspects. As with most epidemiological and retrospective studies, this study is limited to the demographics in a single geographical region at a single point in time. Although likely representative of the population studied, we found that a high proportion of childhood glaucoma patients were of Hispanic background, which has not been previously discussed in the literature and warrants further investigation. As more pediatric patients are added to the DGR, we hope to explore this further and compare the clinical characteristics between various ethnic groups.
Conclusion
Trauma-related glaucoma is a common cause of childhood glaucoma, and we recommend that children with a history of ocular trauma be monitored closely. As more pediatric patients are added to the DGR, it will become an even more powerful tool with which to analyze childhood glaucoma in an effort to prevent visual disability in children around the world.
